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1. Introduction

In order to investigate the effects of Laptop material properties and Laptop size on LME OTA parameters, we’ve done some study on EM modelling and simulation. We hope that these researches are helpful to LME OTA WI.

In this contribution, we analyzed two factors which maybe impact the LME OTA performance, one is the Laptop material properties, and the other is Laptop size.

2. Impact of Laptop material properties on OTA performance
In order to investigate the effects of Laptop material properties on OTA TRP, the following two types of material which made of laptop are studied by simulation for two different types of plug-in devices. 
1)
Loss dielectric with electrical conductivity 
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 of 1 S/m, 10 S/m, 100 S/m and 1000 S/m respectively. 

2) 
Perfect conductor (PEC).
Our simulation results show that TRP of plug-in device is sensitive to material properties when 
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 is less than 100 S/m. However, when 
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is in the range of 100 to 1000 S/m (even for perfect conductor), the variations on TRP of LME with plug-in device are less than 0.8dB. Therefore, special attentions should be paid to the electrical conductivity during the development of laptop OTA model.
2. 1 OTA Simulation Configurations
The simulation configurations are as follows: 

1) The DUT is directly plugged-in the laptop with dielectric material

a. Display screen closed 

b. Electrical conductivity values of 1 S/m, 10 S/m, 100 S/m and 1000 S/m respectively

2) The DUT is directly plugged-in the laptop with PEC 

a.     Display screen closed

b.     Material type: PEC

In both cases, common conditions have been considered as follows:

3)  Reference laptop: laptop PC with dimension of 340mm x 230mm x 23 mm. 

2.2 Simulation Results
Based on the above configuration, the simulation results of TRP are presented as follows:

1) The DUT is directly plugged-in the laptop with dielectric material 

2) The DUT is directly plugged-in the laptop with PEC 
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                                            (1A)
Antenna 1










 (1B) Antenna 2

Fig.1 Two Types of Antenna 
The results of simulation are listed in the following table:
Table 1: TRP measurement results for antenna1
	Laptop Material
	TRP  (dBmW)

	Dielectric Material

(Electrical Conductivity)
	1 S/m
	13.9

	
	10 S/m
	14.2

	
	100 S/m
	15.5

	
	1000 S/m
	15.9

	PEC
	16.0


Table 2: TRP measurement results for antenna 2.
	Laptop Material
	TRP  (dBmW)

	Dielectric Material

(Electrical Conductivity)
	1 S/m
	15.7

	
	10 S/m
	17.1

	
	100 S/m
	19.0

	
	1000 S/m
	19.6

	PEC
	19.8


2.3 Analysis of Results 
The following points are observed carrying out a quantitative analysis of the obtained simulation results:

1) For antenna 1, TRP performance varies up to 2.1dBmW (or about 10%) among different configurations.
2) For antenna 2, TRP performance varies up to 4.1dBmW (or about 20%) among different configurations. 
TRP performance is sensitive to the laptop material.
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Fig.2 TRP simulation results comparison
On the basis of the simulation results and the corresponding quantitative analyses presented above, it shows that TRP performance is quite sensitive to electrical conductivity of the laptop material. 
3 Impact of Laptop size on OTA performance
In this section, the effect of laptop size on OTA parameters is studied by simulation. Three scenarios for simulating plug-in device are considered:
1)

Select the length values of laptop as 360mm, 340mm, 330mm and 300mm, while fixing the width and thickness values of 230mm and 23mm

2)

Select the width values of laptop as 245mm, 230mm, 220mm and 200mm, while fixing the length and thickness values of 340mm and 23mm

3)

Select the thickness values of laptop as 15mm, 20mm and 25mm, while fixing the length and width values of 340mm and 230mm

Then an initial set of Laptop model are developed and the effect of laptop size on OTA parameters simulation is discussed.
3.1 OTA Simulation Configurations
The simulation configurations are as follows: 

1)
The DUT is directly plugged-in the laptop which has different length

c. Display screen closed 

d. The width and thickness of laptop are 230mm and 23mm respectively

e. Choose the values of laptop length as 360mm, 340mm, 330mm and 300mm

2)
The DUT is directly plugged-in the laptop which has different width

a.     Display screen closed

b.     The length and thickness of laptop are 340mm and 23mm respectively

c.
  Choose the values of laptop width as 245mm, 230mm, 220mm and 200mm 

3)
The DUT is directly plugged-in the laptop which has different thickness

a.     Display screen closed

b.     The length and width of laptop are 340mm and 230mm respectively

c.
  Choose the values of laptop thickness as 15mm, 20mm and 25mm

In all the above cases common conditions have been considered as follows:

· Laptop material: PEC

· Rear right USB port

Simulation software: CST2006B.
3.2 Simulation Results
The simulation results of TRP are presented as follows:

1) The DUT is directly plugged-in the laptop with different length

2) The DUT is directly plugged-in the laptop with different width

3) The DUT is directly plugged-in the laptop with different thickness
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        Fig.3 Directly Plugged-in DUT for Ant#1 and Ant#2

For the three scenarios described above, two different types of data-card antennas (1A and 1B) are used to obtain and validate the results. And X, Y, Z represents the length, width and thickness of laptop respectively.

TRP results

The results of simulation are reported in the following table:

	Length of Laptop (mm)
	TRP of Antenna 1 (dBmW)
	TRP of Antenna 2 (dBmW)

	360
	16.0
	19.8

	340
	16.0
	19.8

	330
	16.1
	19.9

	300
	16.2
	20.1


Table 3: TRP simulation results of different laptop length [dBmW]

	Width of Laptop (mm)
	TRP of Antenna 1 (dBmW)
	TRP of Antenna 2 (dBmW)

	245
	16.0
	19.8

	230
	16.0
	19.8

	220
	15.9
	19.8

	200
	16.0
	19.8


Table 4: TRP simulation results of different laptop width [dBmW]

	Thickness of Laptop

(mm)
	TRP of Antenna 1 (dBmW)
	TRP of Antenna 2 (dBmW)

	15
	16.2
	20.1

	20
	16.2
	19.9

	25
	16.0
	19.7


Table 5: TRP simulation results of different laptop thickness [dBmW]
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Fig.4 TRP simulation results of different laptop length
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Fig.5 TRP simulation results of different laptop width
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Fig.6 TRP simulation results of different laptop thickness

Input port reflections
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Fig.7 S-parameter simulation results for Antenna 1 of deferent length
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Fig.8 S-parameter simulation results for Antenna 1 of deferent width
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Fig.9 S-parameter simulation results for Antenna 1 of deferent thickness
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Fig.10 S-parameter simulation results for Antenna 2 of deferent length
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Fig.11 S-parameter simulation results for Antenna 2 of deferent width
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Fig.12 S-parameter simulation results for Antenna 2 of deferent thickness

From the simulation results above, the following results can be obtained.

1)   For antenna 1, the S-parameters are quite identical for the three scenarios concerned at 1.88 GHz.

2)   For antenna 2, the greatest difference of S-parameter is no more than 1.3 which occurs at the scenario of different thickness at 1.88 GHz.
The following points are observed carrying out a quantitative analysis of the obtained simulation results:

1) TRP performance is insensitive to the change of laptop length. For antenna 1 and antenna 2, the change of TRP value is no more than 0.3dBmW. 
2) TRP performance varies slightly due to the change of laptop width. For antenna1, the difference of TRP is less than 0.1dBmW and for antenna 2 it can be neglected. 
3) TRP performance is generally less varying to the change of laptop thickness. For antenna 1, the change of TRP value is no more than 0.2dBmW. For antenna 2, the peak difference is 0.4dBmW.
4) TRP performance is unsusceptible to the change of laptop dimension.
4 Conclusions
On the basis of the simulation results and the corresponding quantitative analyses presented above, it shows that TRP performance is quite sensitive to electrical conductivity of the laptop material. And it seems clear that TRP performance is unsusceptible to the change of laptop size.
Two proposals are:

1) Special attentions should be paid to the electrical conductivity of laptop EM model during looking for Surrogate Laptop.
2) When setting up simulation models, the dimension of laptop and the influence on the TRP performance can be neglected within certain range.
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